POLYMER FOR DATA STORAGE, DATA STORAGE iVlE»[A COATED BY 
THE SAME, DATA STORAGE DEVICE AND METHOD 
USING DATA STORAGE MEDIA 



BACKGROUND OF THE INVENTION 

1. Field of the fovention 

The preseat invention relates to a laser-sensitive polymer for data storage, a 
data storage media coated by the same, aad a data storage device and meth,od using the 
data storage media In particular, the present invention relates to a polymer for data 
storage comprising two of the functional group of disperse red I, which is a 
photoresponsive organic dye, bonded to a branched chain per every repeat imit, a data 
storage media coated by the sam.e, a reversible and optical, data, storage device 
containing a thin film^ and'a data storage method using the device. 

2, Description of the Related Art 

In genera!, an optical data storage method involves a data storage media 

consisting of short wave-length laser and organic dyes sensitive to the same, of which 

method has a benefit of high density data storage. Taking advantage of properties of 

the organic dyes, e.g. easy structural transformation and an excellent proccssability for 

manufactuTLng thin filmSj the inventors discovered a reversible and optical data storage 

method using a data storage media for which the organic dyes or optical polymers 

containing the dye compounds as a substituent is applied. ( Refer to U.S.A. Patent Nos. 

5262,081, 5445S53, 5296321, 4666819 and 5384221, Geiman Patent No. 3623395, 

British Patent No. GB 2. I46787A. and Japane$e Uid-Opcn Publication 1-294791 .) 

The basic principle of a reversible data storage method capable of data record- 
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ers$e-read-rewrite h that vvhca la$er is iiTadiatcd to a data storage media containing 
organic dyes, the dyes go through color changes, birefringence changes and phase 
transition (e.g. crystal form amorphous form or isotropic form anisotropic form), 
depending on molecular structures thereof 

Wsll-known organic dyes for the technology described above include cyantne, 
phdialocysnine, squariJium, dithiol metal complex salt, quinone, spiropyran and 
□zobcnzene and so forth. 

Tho similarity in the molecular structure of each compound listed above is that 
each compotind contains a different polar group that causes dipole moment. Thus, 
when a data storage media coated witli one of the compouBds above is irradiated by a 
polaraed light with a particular wave-length, the molecules are ananged perpendicular 
to the plane of polarization of the irradiated light, which is basically due to the attractive 
force between dipole moments in a polar group. In this way, the newly arrmged 
molecules go through tlie three optical changes aforementioned/ and using this principle, 
data can be recorded in a data storage media. 

The organic dyes applied to a data storage media, depending on a polar group's 
molecular structure, absorb ultraviolet or infrared having a wavelengtli 300tim to SOOnm. 
Tlierefore, in order to develop an app,ropriate data storage element, it is important to 
choose a light source with particular wavelengths that causes optical changes in the data 
storage media. 

TyiDically used light source for m optical data storage is a laser like Ga/As, He- 
Ne, At ion, Nd/YAG or He-Cd, having a wave-length of 780nra, 630nm, 488nm, 514rim, 
360nm or 325nm,. 

However, as for Compact disc (CD) or Laser disc (LD), for which an optical 

data storage media is applied, only 780nm Ga/As and 630nm He-Ne have been 
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commercially used as a minor light source for a disc drive. Unfortun^itfiiy. wlien these 

lights with longer than 600nm wavelength are used as a recording light source for an 

optical data storage device, since the lights oscillate relatively long infrared, data 

storage density gets decreased thereby. 

5 Tl'iis problem occurs typically during the process of recorditig data, if an 

organic dye compound contaimng thin film is irradiated by polarized recording light 

having long wave length, th.e irradiation area of a data storage media is enlarged as 

compared with a short wave length light source. Therefore, by using At ion laser of 

which wave length is below 520nm as a recording light source, the area of a data 

10 storage media becomes small and data storage density per unit area is increased. 

Attempts to increase data storage density as described above have been made 

by developing a polymer in which a fimctional group of azobenzerte base organic dye 

compound is bonded to a branched chain, which is sensitive to a short wave length in a 

range 300mn to 400hm. Thus* the inventors researched on the applications of a 

15 reversible md optical data storage media to the above polymer compound and were 

granted a patent in Korea ( Korean Patent No. 77801, Application filing date: Feb 27, 

1991)j and ;in relation to this, another application (Korean Patent Application No. 40216, 

Filing date: Aug 22, 1997) was already laid open. 

The basic mechanism behind the above technology is that a polymer having 

20 azobenzene base compound bonded to a branched chain coated a substrate to 

manufacture a thin film, and low output polarized ultraviolet was irradiated to the tliin 

film. In result, it was possible to record data in high denjstty with excellent resolution 

and new data could be rewritten after easing the previous data. 

The media described above showed much improved resolution and recording 

25 speed (by hundreds of nanosecond) as compared to those of pri.or art (U.S, Patent No. 
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5,173.38] and German Patent No. 3.623J95; U,S. Publication No. 4,837,745 and 
Japanese Publication No. 63-87626). 

The pulse la^er was observed as very beneficial n.ot only that it was based on 
the molecular structure of a polymer conapound employed, but also that it made it 
possible to record high density data at a speed of hundreds of nanosecond faster than 
others by using Nd/YAG pulse laser as a recording light, vv^hich usually oscillate a 
ultraviolet with 365nin within 10 Danosecond, 

Despite the benefits described above, because the short wave length pulse laser 
uses inoxganic single crystal, thus making it expensive and big^ it is considered rather 
inappropriate oscillation material for a compact sized data storage device. 

Therefore, attempts to solve the cost and size problems, by applying Ar ior* 
laser of wWchi wave length can be modulated and is not expensive, have been made 
active for applying to a compact data storage device. 

SUMMARY OF THE INVENTION 

It its, therefore, an object of the present invention to provide a polymer 
compound for data storage. 

Another object of the present invention is to provide a data storage media ushig 
a stibstrate coated with such polymer. 

Still anodier object of the present invention is to provide a data storage device 
for data write/read into such data storage media an,d a data storage method thereof 

To achieve the above object, there is provided 5 polymers for data storage: a 

polymer in which two of the disperse red 1 functional group, which is illustrated in 

Chemical formula 1, are bonded to a branched chain per each repeat unit, and four other 

polymers which are illustrated in Chemical FormulaSj 2 to 5, respectively. 
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cChemical Formula I> 
CH -iCH 2 






NO 



iChemical Formula 2> 
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C-{CH; 



C-0~R 



wherein n is aij bxteger; m is 2, 4, 6, 8 or 10; R is the disperse red 1 functional group; 
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and fee average molecular weight of the polymer is in the range of from about 2,000 to 
10 15,000, 

'<Chexnical Formula 3> 
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wherein n is an integer- two -CHs- are bonded to a bcBzene ring in orto-, meta- or paxa- 
poaition in the above 
15 R is the disperse red 1 functional group 
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and the average molecular weight of the polymer is in the range of from about 2,000 to 
15,000. 

<Chemical Formula 4> 
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wherein n is an integer, R is 

CH jCH 2 

— CHaCHy-N^ V-N=N- 




NO 



and the average molecular weight of the polymer is in the range of from about 2,000 to 
15,000. 

1 0 <Che.trucal Formula 5> 



wherein R is 



CH 3<jH 1 
— CH2CH-2— N" 




NO 2 



the ratio of X:Y is 3-97 too1% : 97-3 moI%; aad the average molecular weight of the 
polymer is in the rags of from about 2^000 to 1 5,000, 



iii Chemicd Formulas 2 to 5 is in tl:^e ran^ge of from about 3,000 to 10,000, respectively. 

In addttioti^ preferred ratio of X: Y in the polymer of Cbemical Formula 3 is 
5-30 mol% : 95-70 mol%. 

The present invention provides a blend copolymer for data storage, which is 
10 prepared by mixing one of the polymers illustrated in Chemical Formulae 2 to 5 to 
either polymethylmetacrylate or polyvinylcarbazole in the tetrahydrofLiraTi(THF) 
aqueous solution. . . 

Here, the polymer selected from Chemical Formulas 2 to 5 can be added 5% to 
30% by weight of the above blend copolymer. 
15 Another aspect of the present iavention provides a reversible optical dnta 

Storage device, whj,ch conapriscs an Ar ton laser light source 2; a polarizing plate 15 on 
which blue laser irradiated firom the light source 2 gets incident; an optical attenuator 13 
on which iJie blue laser that passed tixrough the polarising plate gets incident- a wave 
plate 12 on. which the polarized light that passed through the optical attenuator gets 
20 incident; aud a data storage media 6, which is coated with the polymer for data storage 
in accordance with the present invention, and located in the path of the polarised light 
that passed, through, the wave plate. 
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Preferably^ the average molecular weiglit of the polymers which are illustrated 



Here, the above described data storage media is formed by comprising the steps 
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of: 

(a) dissolving the polymer aforementioned into an organic solvent and coating 
a substrate; 

(b) heating the substrate at the polymer's specific melting point; and 

5 (c) cooling the substtate belov^ the glass transition temperature (Tfi) to fixate 

the polymer's isotropic state. 
In the above device, the Ar ion la$er light source emits 40OnJXL to 520nm short 

waves. 

For the data storage device described above, sound optical modulator can be 
10 additionally placed between the optical attenuator 13 and the wave plate 12 in order to 
screen the Ar ion polarized light transmission, so that data recording speed can be 
reached down to 1 microsecond. 

Still another aspect of the present invention provides a reversible optical data 
storage dedce, wJ^ich corhprises an IR laser light source 2; optical lenses 3 and 4, on 
15 which the itradiated light gets incident; a fixst polarizing plate 5, on which the light 
from the lens gets incident; a data storage device 6, which is coated with, the polymer 
for data storage in accordance with the present invention, and located in the pa,th of the 
light that passed through the first polarizing plate 5; a second polarising plate 7, which 
is located m the path of the light that passed through the media 6, and has a polaroid 
20 axis perpendicular to that of the first polarising plate 5; and an output device^ which 
outputs tlie? data stored on the media 6 by inputting tlie light emitted from the second 
polarizing plate 7. 

In a broad sense, ''a data storage device" throughout the specification indicates 
a device with the capacity of data record and/or data read, and preferably, the data 
25 storage media described above is prepared by the method explained here. 
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The prcfemd IR laser li^ht source is cither 847nra Ga/As or 633nm He-Ne. 
The data storage media is positioned at an angle of (l+n):T:/4 (n i$ 0, 2, 4 or 6) with the 
polarization axis of the first polarizing plate and that of the second polariz:ing plate, 
respectively. 

5 T>ic output device furtlier comprisc;$ a digital voltmeter 10,. and a computer 16 

for processing the detected current intensity according to time, thn$ data record and data 
read data can be performed concuirently. 

Ajiother embodiment of the present invention provides a reversible optical 
digital data storage method, which comprises the steps of: 
1 0 (a) coating a substrate with the polymer according to the present invention: 

(b) heating the coated substrate at a temperature higher (lian the employed 
polymer^s meltitig point in order to arrange the substrate in the isotropic 
state, and form a data storage media by cooling the same below the glass 
transition temperature (Tg) of the polymer employed; 
15 (c) recording digital data in the data $torage media by passing through the 

polarized light that was irradiated from At ion laser light source a first 
polarizing plate, an optical attenuator and a wave plate successively; 
(d.) reading the digital data by inputting the digital data to an output device 
after passing the polarized light irradiated fi^ont an IR laser light source 
20 through an optical lens, a second poIariz,ing plate, the data storage media^ 

and finally a third polarizing plate which has a polarization axis 
perpendicular to that of the second polarizing plate; 

(e) erasitig the recorded and read digital data from the data storage media; 

(f) rewriting and rc-readlng new data by repeating the steps of (c), (d) and (c) 
25 in the data storage media. 
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Yet another embodiment of the present invention provides a reversible optical 
andoguc data storage method, which comprises the steps of: 

(a) coating a substrate with the polymer according to the present invention; 

(b) heating the coaled substrate at a higher temperature than the polymer's 
5 melting point in order to anrange the substrate in the isotropic state, axid 

form a data storage media by cooling the same below the glass transition 
temperature (Tg) of the polymer employed; 

(c) recording analogue data in tlie data storage tnedia by passing thiough the 
polarized light tlxat was irradiated &om Ar ion laser light source a first 

10 polarizing plate, aa optical attenuator and a wave piate successively; 

(d) reading the analogue data by inputting the analogue data to an output 
device after passing the polarized light irradiated from an IR laser light 
source through, m optical len3, a second polarizing plate, the data storage 
mcdia^ and finally a third polarizing plate which has a polarization axis 

5 perpendicular to that of tlie second polarizing plate; 

(e) erasing the recorded and r^ad analogue data from the data storage media; 

(f) rewriting and re-reading new data by repeating the steps of (c), (d), and (e) 
in the data 3torage media. 

The digital or analogue data storage media is positioned at an angle of (1 i'n)n/4 

} (n is 0, 2, 4 or 6) with the polarization axis of the second polarizing plate and that of the 

third polarizing plate, respectively. 

During the process of reading the analogue data on the thin film, it i$ preferred 

to use a low output polarizing microscope where the second polmzing plate and the 

third polarizing plate are perpendicularly attached. 

Preferably, the erasing the digital or analogue data process of step (f) is carried 
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out by erasing the data in the data storage media by passing the circular polarized light 
through the media, which was emitted from the wave plate having X/4 wave length 
when the vi^ave plate in the step (c) has X/2 wave length. Also, the digital data can be 
erased in the data storage media by heating the media at a higher temperature th£m the 
5 melting poiot of the polytner employed. 

In the mefmtime, the polymer for data storage, which is illustrated in Chemical 
Formula 2 can be prepared by polyixierizing malonic acid ester monomer illustrated in 
Cliemical Formula 6 and CmHsmBra (m is 2, 4, 6, S or 10) in which brome is substituted 
with the first carbon and the ixith carbon, 
1 0 <Chcmicall Formula 6> 

\-0-R 

C— O— R 

O 

wJierein R is 

CH ?(jH 2 

—CH 2CH— N — ^ y — N=N— ^ 

The polymer for data storage, which, is illustrated in Chemica} Formula 3 can be 
15 prepared by polymerizing malonic acid ester monomer illustrated in Chemical FormijJ.a 
6 and xylen having two substituted brome. 
<Cheinical Formula 6> 
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wherein R is 





— ^CH2CHt^N — ^ ^ — N=N — ^ NO2 



Hie polymer for data storage, which is illustrated in Chetjdcal Formula 4 can 
prepared by polymerizing silicate ester monotxters illustrated in Chemical Formula 7. 
<ClietnicaJ. Formula 7> 
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wherein R is 




CH .iCH 2 

— CH :gCH— ^— N=N-^ ^^^O 

The polymer for data storage, which is illustrated in Chemical Fortaula 5 can be 
prepared by polymerizing silicate ester monomer and methylraetacrylate (MM A), 
5 The preferred glass transition temperature (Tg) of polymers Is in a range of from 

about 20 to lOO'^C. 

The maximtim absorption wavelengths of the monomers and polymers 
employed in tlie present invention are m a range of from about 450nm to SOOnm. Thus, 
the polymer in the invention can absorb the blue light, which was oscillated from Ar ion 
1 0 laser and c£i,use an optical change, e.g., bkeftingence, at a maximum speed. 

The present inventors have found that when the polymer of the Chemical 
Formula, having two of m para position in the benzene ring m particular, and the 
polymer of the Chemical Fonuula 5 axe respectively employed in a data storage media, 
the data storage media demonstrated excellent data storage stability even at gO°C 
1 5 outside. 

Tlie R group, that is, organic dyes, in the polymers of the present invention is 
60% to 80% by weight of repeat units in the polymer, which is relatively higher than 
15% to 40%, typically observed values in prior arts (U.S. Patent Nos. 4551819, 
5024784, aad 5173381; German Patent No. 3623395; Japanese Patent Publication No. 
20 63-87626). In other words, the polymers in the present invention contain more 
functional groups with optical properties in high density. 

To be short, the polymers according to the present invention are prepared to he 
able to record the da,ta in microsecond and enhances the data stability. Also, the data 

13 



storage device e^nploying the polymers aforementioned demonstrates much improved 
data recording speed and data stomge stability as compared to that of prior arts* 

BRIEF DESCRIPTIOtV OF THE DRAWINGS 

The above objects, features and adyatitages of the present invention will 
become more apparent from the following detailed description v/hen taken in 
conjunction vAtix tlie accompanying drawings^ in which: 

Fig. 1 is a reversiblie optical data storage device: according to an embodimettt of 
the present invention; 

Fig* 2 k a digital data picture obtained reading the data Hirough an optical 
polarizing n^ictoscope, in which the digital data is recorded in a data storage media 
coated willi a polymer of the invention and irradiated by a linear polarized light argon- 
ion laser for ten microsecond; 

Fig. 3 is a graph illustrating measurements of transmission of R/W (read/write) 
light SDL 800 against data, in which the data is recorded usitsg an SmW/cm^ Ar ion 
laser on a polymer prepared by polymerisation of p-xylene and malonic acid ester; 

Fig. 4 is a graph illustrating data stability corresponding diflferent temperatures, 
in which tllie data is obtained from a data storage media coated by the polymer described 
in Fig. 3.; 

Fig* 5 is a schematic view of an analogue data picture obtained reading the 
analog data through an optical polarization microscope, in wliich the data is recorded in 
a data storage media irradiated by a 1 On W/cra^ Ar ton la^er polari/:ation for five minutes 
and cooled down until below the glass transition temperature; and. 

Fig. 6, is a graph illustrating data read of a data storage media, which is coated 

with a polymer prepared, by polymerization of the compound having the chetnicat 
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structure 2 and polyvinylcavbi)zol. 



DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 

A preferred embodment of the present invention will now be desonbed with 
5 reference to the accompanying drawings. In the following description, $ame drawing 
reference inraerals are used for the same elements even in different drawings. The 
matters defined in the description such as a detailed data storage media coated with a 
polymer according to the invention and a reversible optical data storage method using 
the same ^re noticing but the ones provided to assist in a comprehensive understanding 
10 of the invention. Thus, it is apparent that the present invention can be carried out 
without those defined matters* Also, well-known functions or cotistaictions are not 
described m detail since they would obscure the invention in unnecessary dctaiL 
Storage Methodjor Digitized Data 

A glass plate coatdd with a polymer in which two of disperse red 1 functional 
15 group containing a2;oben2snc are bonded to a branched chain was heated at a 
temperature higher than the melting point (Tni) of the polymer employed. Then, the 
glass was rapidly cooled below the glass transition temperature (Tg) in order to make 
the molecules in the state of disorder, namely, isotropic state in order to prepare a data 
storage media 

20 Tlien, by irradiating blue polarized light from Ar ion laser to tile extent of 

desired in'tensity, which is illustrated in an equipment drawing Fig. 1, onto the above 
data storage media, digital data vvas recorded and after tlie process of cooling the 
polymer employed to the data storage media below the glass transition temperature (J0, 
the data was stored. 

25 In order to properly record the digital data, the intensity of blue light to be 



irradiated and ihe time required are subject to the width of a diin Him and molecular 
structure of the polymer that coats the data storage media, 

In principle, when a da,ta storage media is exposed to polarized h'ghu 
azobcD^ene in the polyta^r goes through photoisomerization reaction as shown below, 
5 go that the irradiated part of the polymer gets orientated equally at the isotropic state. 




trans cis 
Tbat is to say, when data is racordedi. duo to the irradiated blue polarized light, 
the structjre of a^obenzene changes from a stable tram-form to a ds-form^ called 
pJiotoisomerization. At this point, the free and disoriented disperse red 1 molecules 
10 are arrayed perpendicular to the blue polarized light (Nature 1991, 35 1, 49; MakrotDoK 
Chem. Rapid Comtximx., ^ 477 (1987).; Applied optics, 23, 4309 (1984)). 

In. detail, when disperse red 1 jnolccules on the thin film, for recordation axe 
exposed to blue polarized light, they change from isotropic disorientated state to 
arranged in perpendicular to the polarized lights and causes birefiiixgence. Meanwhile, 
1 5 the unexposed molecules do not cause the birefringence. 

Here, as to the birefringence induced part, the data signal takes the value "1*^ 
and tlie other part without birefringence take$ "0" for the data signal value. From the 
diflFerence of these values, digital data is stored. 

The digital da,ta signal has direct impact on the transmittance of reading light 
20 during the process of data reading. 



The above daia storage method of the present invention is quite contrary to the 
conventional thermal recording method which goe& tbough phase transition from liquid 
crystal phase to isotropic phme by ultraviolet or laser (pclym, conunun., 24,345 (1983)), 
and hologram method (German Patent No. 3,623 J95), 
5 Although a related technology had been registered as Korean Patent No- 77801, 

and publicized in the Official Gazette No. 1999-17317, the present inventors developed 
a unique data storage method for the fir$t tixne. In other words, the polymer in the 
Korean Patent or the Official Gazette involves ultraviolet sensitive organic dyes, but the 
polymer employed to the present invention causes optical reaction due to blue laser 
1 0 developed by th,e present inventors. 

Thus, in order to develop a new data storage method, an, optical device and a 
new mateiial that is sensitive to a light source should be developed concurreixtly or 
beforehand, 
Reading Digital Data 

15 The present invention made it possible to read the data in the digital data 

storage dewe as shown in the optical equipment drawmg (Fig. 1)* 
Tf5e jnechanism of data read is explained below. 

First, a thin jfilm containing data (data stora.ge media) is inserted between the 
two crossed polarizing plates. Here, the data exposed to the blue polarized light goes 
20 through biiefiingence, allowing the transmittance of reading light to be maximized. 
However, the transmittance of the unexposed data becomes "o" in the absence of 
birefringence. 

During the process of data record, when tlie polarizing axis of the incident 

record light is at an angle of 45° against the crossed polarizing direction of two IR 

25 polarizing plates in a data read device, IR transmittance for the data exposed to tJie 
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polarizing light is the greatest, whiTe IR light i$ screened to the data unexpos^^d to the 
polarising light. 

The transmittance difference of IR laser is then checked by a photodetector. 
The photodetector converts the intensity of incident light thereon to voltage difference, 
which is numeralized on a digital, voltmeter^ finally read through a computer. 

As for a read light;, it is preferable to use 847nm Ga/As laser or 635nm He-Ne 

laser. 

Further, based on the principle of data read by the IR transmittancc difference 
between the data exposed to the blue polarized laser and the data which is not, by 
adjusting tb$ angle of polarized light, it is also possible to store different kinds of datum 
into the same record layer over md over. 

As explained before, when blue polarized laser is irradiated to a tloin Glm of the 
polymer employed as a data storage media, the disperse t^d 1 molccuiJes which are 
exposed to the polarized hgtit are arrayed to perpendicidar to the incident polarized light. 

By measuring the intensity of IR by placing a thin fihn inducing birefiringetice 
(An) inbetweea the crossed polarizing plates, the following equation is obtained: 



wherein, An is birefringence of a data storage media; ;i is IR light wavelength during the 
process of data read; lo is the intensity of Ught before transmitting a sample; I is the 
intensity of light after transmitting the sample: d is the thiclcness of the sample- and 0 is 
the angle between the polarizing axis and optic axis of the polymer chain orientated 
ftom Ar ion polarized laser. 

Accordingly, if 9 is one of 45^ 135^ 225'', or 315^ the intensity of each IR 
transmission light of tlie part irradiated by laser and the part which is not takes a value 
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either ''0" or 5m\ndAr)/X). 

Id this way, the data that ts on-state {&.g., gin'^(7rd^n/A,)), or off-state (e.g., 0) can 
be recorded and detected in space. 

In addition, by optionally adjusting the angle of the incident h\w polarized laser 
to a data storage ijiedia, different kinds of datum can be stored into the same record 
layer over and over. 

For example, when the angle of the incident polarising light is changed to 1 9 
becomes (0+1)^ according to the equation above, which indicates when the angJe 
between two crossed polarLz:ing plates during the process of data read and the changing 
polarizing axis, 0, is 45°, 135^ 225^ or 315^, tlic natio of signal and noise (S/N ratio) i$ 
maxj,niizcd 

Analogue Data Storage Method 

The same method as digital data storage method is employed except that a 
photom^k, in which a fine pattern having 2|im to 50;^ line width is recorded, is 
placed on the data, stor^e media. 

However, in order to obtain a picture (Fig. 5) with enhanced resolution for the 
analogue data in the photomask, it is preferred to use the blue light having the intensity 
higher than 5mW/cm^ and the irradiation time for longer than 5 minutes. The$e 
conditions are required when using a polarizing microscope because it is necessary to 
have much higher transmission of analogue data than the intensity of the visible light 
that is reflected from the outside in order to read analogue data. 
Analogue Data Read 

As described above, the analogue data can be read by n$ing a lowpnt optical 

polarizing microscope which is equipped with the crossed polarizing plates. 

Typically, when the optic axis of incident blue laser is at an angle of 45*^ to the 
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crossed polarization direction of the optical polariztny, microscope, data with the 
excellent resolution of the largest contrast can be obtained. 
Erase Stored Data and Rewrite 

The process of erasing the stored data can be performed by two ways: first, as 
5 shown in Fig. I, rotating the blue polari2;ed laser that passed through tlie optical 
attenuator 13 by using XfA wave plate 12, instead of }J% wave pJate used for data re^id, 
for obtaining tlie origuial polarized light, and erasmg the data by irradiating the original 
polarized light to a data storage media 6; second, heating tlie data storage media 6 at a 
higher temperature than the melting point of the polymer etrtployed so that the disperse 
0 red 1 molecules arranged in perpendicular due to the blue polarized laser during the 
process of data record are rearranged. 

The new data can be rewritten by cooling the data - free data storage m^dia to a 
room tetriperature, and repeating the data record procedure described above. 

In result, the data storage media coated with the polymer for data storage 
according to tJae present invention demonstrated excellent resolution and data stability. 

Tlie present invention will now be described m more detail by referring to the 
examples below, which are not intended to be limiting, 
I- Synthesis of polymer for data storage 
Invention Example 1. Synthesis of Polymer of Chemical Formula 2 
1 . Synthesis of malonic ester monomer 

Using 3000L round flask, to 70ml of THF solvent was added 2.0g (6.42 x 10'^ 

mol) of disperse red 1 and the mixture was cooled at O^C to 5T. Into the mixture, 5ml 

of aqueous THF solution containing 0.22ml (3.21 x 10^^ mol) of malonyl dichloride was 

slowly dropped, and was stirred for 48 hours. The solvent THF was removed using a 

rotary distillator, and the resultant was melted in 35ml of cWoroform, washed by 
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distilled waler(200ml X 4 limes), and then chloroForm was removed using a rotary 
distiltetot. The resuitant was again melted in a small amount of chloroform and using 
a mixed solution of chloroform and etbylaceiate at a ratio of 5:1 as a developer, 
columncbxom,atography was performed to yield malonic acid ester monomer (yield: 
35%, m.p.: 130^C). When UVA^IS spectrum was examined on the resulting monomer, 
the absorption was the highest at a wavelength (Xmax) of 466nin. 
2, Synthesis of polymer A 

Using 2000L round flask, to 17ml of THF solution was added O.lg (1.435 x 10* 
^ jDol) of the prepared malonic acid ester monomer above and D.17g (2087 x 10'^ mo]) 
of NaH. The mixture was stirred for 10 minutes. Into the mixture, 3ml of THF 
aqueous solution containing 022ml (1.433 x lO'"^ moi) of 1,6-dibromohexane was 
slowly dropped, and the resultant was polymerizied at 65 X for 48 hours. The 
resultiDjg polymer was precipitated in 500ml of methanol^ filtered off, and dried to yield 
the title polymer of Fotmiila*2: "polymer In result, polymeri:z:atiou conversion rate 
of the resulting ted polymer was 60%, and average molecular weight was about 5000, 
which could be changed by adjusting polymerization time* Tg of the resultant was about 
30 ^'C, and T^, was not measured. Among other title polymers of Formula 2, the 1^3^ 
was observed at 464nm when m was 6 

In order to prepare polymers, for which m is 2, 4, 8, or 10, the samie procedure 
above was repeated except that lj2-dibromoethane, 1,4-dibromobutane, 1,8- 
dibromooctane, or IjlO-dibromodecane was used instead of 1,6-dibromohcxane. 
<Chemical Formula 2> 
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C-O-R 
C— (CH2-)^ 
C—O— R 



30 



Invention Example 2: Synthesis of Polvrner B 

The procedure for preparing polymer A in the Example 1 w-as repeated except 
that 0.38g (1.435 x 10'^ mol) of a, a' - dibrotno-p-xylene, a, a' - dibromo-o-xylene, or 
ot, a' - dibromo-m-xyletje is used instead of 1 .6-dibromohexane to yield polymer A. In 
particular, malouac acid ester and a, a' - dibromo-p-xylene were polymerized to yield 
the title polymer of Formula 3; "polymer B" (molecular wt: «a 5500, T,;; «90*C , 
466utn). 

<Chemical Foraiula 3> 



I 



-O— R 
-CHj- 



"CH. 



Inventio n Exam ple 3: Synthesis of Polvsilicate 
1 , Syuthesis of silicate ester monomer 

Using 3000L of round flask, to 50ml of mcthylciiicride was added 1.13g (4,14 x 
lO"*^ mol) of disperse red 1, and under a N atmosphere* 10ml of methyicnecbioride 
15 containing 0-5g (2.07 x 10'^ mol) of 3-methacrybxypropyl methyldichlorosilane) was 
slowly dropped. The mixture was stirred for 48 hours and washed by distilled 
water(200mJ X 4 times). Using a rotary distillator. methylcnedichloride wa$ removed. 
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The resultant was then melted in a small amount of chlorofcmn and using a mix^d 
solution of chloroform and ethylacetate at a ratio of 7:1 as a developer, 
columnchromatogmphy was perfonncd to yield silicateester monomer monomer {yield: 
40%. m.p.: Sg.S'^C, : 482nm). 

2, Synthesis of polysilicate polymer 

Using au ample, to 4ml of THF was added OAg (5.01 x lO'^' mol) of silicate 
ester monomer!, and 0.0l2g (7.3 x 10"^ mol) radical initiator AIBN. By freeze-thawing 
meth,od, the oxygen inside of the mixture was removed, and sealed the ample. The 
resulting solution ym subject to radical polymerizatloxx for 48 horns at 6$^C using an 
oven. The mixtiire was precipitated in 500ml of ethanolj filtered and dried to yield tiae 
tile polymer 4, polysilicate homo polymer (polymerization conversion. percent$,ge; 50%^ 
average molecule wt: 6500, T^: 48 X^^ : 474nm), Hete, depending on the 
cortcantfation of AIBN, the molecule weight was adjusted fiom 5,000 to 1 0,000, 
<Chemica] FonnuJa 4> 





9H2 




Invention Exam.ole 4: Synthesis of Polysilicate ester-PMMA copoly mer 



Using an ample, to 5.6ml of THF was added 0.4g (5.01 x 10"^ mol) of silicate ester 
monomer, 0.017g (LO x 10^ mol) of AIBN, and 0.15g (L5 x 10^^ mol) of conventional 
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MMA monomer. By free;^:e-t]iawing method, the oxygen inside of the mixture was 
removed, and sealed the ample. The resulting solution was subject to radical 
copolymeri^ation for 48 hours at 65 ''C using an oven. The mixture was precipitated in 
500ml of cthanol, filtered and dried to yield the tile polymer 5, red silicate ester- 
5 PMMA copolymer. Here, the ratio of silicate ester moaomer and MMA monomer was 
25mol% : 75mol%. Fuxtherj another experiment was undertaken by modifying the 
ratio of silicate ester monomer and MMA monomer, such, as, 75mol% : 25mol%v 
50mol% : 50mo]%, atid 95mol% : 5niol%. In this way, polymers with different JXiY] 
were prepared and the results are iUiistrated in Table I below. 
10 <Table l> 

Result of co-T3Qlvingrizatton of rK3lvsiIicatc ester - PMMA 



Copolymer 


Polymerization 
conversion rate 


Molecule 
Weight 


Co- 

PolyttKaization 
condition 
(II) : MVtA 
(mol %) 


Mol ratio' of 
X:Y 

of Copolymar 
(VI) 


Tg''C'C) 


Structural 
FonnnIa5-I 


45 


11,600 


73:25 


57:43 


68.0 


Structural 
Formiila 5-2 


65 


13,600 


50:50 


42:58 


6S.I 


Stactura! 
Formula 5-3 


74 


18,700 


25:75 


19:81 


76.1 


Stmctiiral 
Formula 5-4 


53 


25,800 


5:95 


3:97 


93.0 



^ The .mole ratio of silicate ester monomer and MMA monomer was calculated 
1 5 using H-NMR spectrum analysis method. 

^ Tg was m.easured using DSC thermal analysis method. 
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IL Remit of data record and data read employing a data storage device of the 
invention 

Invention Exarriole 5: Manufacturg of a digital data storage media and data read result 
5 1 . Manufacture of a digital data stomge media. 

Poly(rnaIon{c acid ester) homopolymer, prepan^d ia the Example 2, was 
dissolved in THF soluent to the extent of 4% concentration. The mixture was dropped 
on the glass (2cm jc 2cm)^ and spin, coated in order to manufactiare a thin film, with a 
thickness of 0.2ptm. Later, the solvent was removed under the reduced pr^sssure. The 
10 film was heated on a hot plate at 100**C for 2 minutes, and cooled down to bebw Tg of 
the polymer employed to obtain a isotropically fixed data storage media. Ar ion la^er 
in Fig-1 (model: INNOVA 400, wavelength; 488mn) was irradiated to the data storage 
media to record digital data. Finally, the data storage media was cooled dowri. to below 
Tg of the polymer employed for storing data. Here, the present inventors found that 
15 data record speed atid data storage stability were greatly affected by the intensity of 
record light, the thickness of a tliin fita of a polymer employed to a d^ta storage media, 
and the molecular structure of tlie polymer. 

2. Data read from a digital data storage media 

Fig. 2 shows a picture (enlarged by 50 times), taken by a optical polarizing 

20 microscope, of digital data on a poly maJonic acid ester polymer coated data Storage 

media, to which 1 mW/cm^ to 5 mW/cm^ linear polarized Ar iot\ laser was irradiated for 

10 microsecond. The bright side on the picture shows the digital data recorded by 

bire,fringencc as it gets perpendicular to a polarized record light. 

Fig. 3 shows the result of an experiment for researchi,ng a reversible data 

25 storage method (record-read-erase-rewrite). In the experiment, data was recorded in a 
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data stomge media which was prepared by the poly (maionic acid ester) polymen using 
Ar Ion laser (intensity: 8mW/om^) and concurrenlly, transmitted intensity of the read 
light (SDL 800) was measured. Here, the function graph explains the relationship 
between transmitted intensity and irradiation time of read light in real-time. The 
5 underlying concept of the graph is that when the read light is turned on, the polymers on 
a data storage media are arrayed to record data (manifested as increase in tlie 
transmitted intensity^ and then, Ar ton laser circular polaii2:ed light irradiated (refer 
to "Erase the stored data and rewrite data") so that the stored data i$ erased thereby. 
Once the previously stored data is erased, new data can be rewritten repeatedly 
10 following the same procedure of 'Data read' aforementioned. Thus, this reversibility 
of da.ta is repeated very steadily md equally. 

Another way to erase the data is heating the data storage media at a higher 
temperature than the melting point of the polym.er employed to the media. 

Fig. 4 shows the ^relationship of tlie stability of data in a data storage media 
15 which is coated with the polymer having two of -CHa- in para position and different 
temperatures* In, order to find out the data storage stability against temperature, a data 
storage m.edia was placed in a hot plate made of two aluminum plates maintaining a 
constant temperature and read light was irradiated to meastire transmitted intensity of 
the read light In result, the data stability was the greatest at a 75*^0. Thus, the 
20 present inventors suocessfLilIy developed a data storage media with such improved 
stability that has not been obtained tlirough any other prior arts. 
Invention Example 6: Method for analogue data record and read on a thin film coated. 
with polvsilicate polvmer 

A data storage media coated with polysilicate homopoiymer prepared ftom the 
25 Example 3, and a photot^jask (linewidth: 2 - SOj^m) was placed on the media. Then, 



Ar hn laser polarized light was irradiated to the photomask on which analo^^ue data was 
drawn to read the data. 

Fig. 5 is a picture, taken by an optical polarizing microscope, of analogue data 
on a data storage n^edia, to which 1 0 mW/cm^ Ar ion laser polarized light was irradiated 
for 5 minutes, and cooled down below Tg of the data storage media. Here, the linear 
width indicated as is 2}xm. As seen in tlte figure, resolution of data was excellent. 
Invention Example 7.^ Synthesis of blend polymer, data record and data read of a Thin 
film.coatcd with tl.te same 

The polymer A from the Example 1 and tie conventional polymer PVK were 
dissolved in THF to make 4% polymer solution. The resulting solution coated glass 
and thereby a data storage media containing a thin film at a thickness of about 0.3 pin 
for data storage. The ratio of the polymer A and PVK was I wt% : 9 wt%. On the 
thin film above, the same experiment of data record $Xid read as that of the Example 5 
wa^ repeated 

Fig. 6 is a graph which shows the result of reading the data ftom the data 
storage media coated with the above blend polymer of Polymer A and PVK. From the 
result, it was proved that the blend polymer can be applied to a reversible and optical 
data, storage media as well. 

Preferred Ar ion laser is Model No. INNOVA 400 having a wavelength 45Snm, 
476iiin, 488n.m, 496mn or 515nm of COHERENT 

As for the IR laser, it is preferred to use Ga/As laser (Model No. SDL-5412-H1) 
having a wavelength of 847um of SPECTRA DIODE LAPS and lOOmW(lOOmA), or 
SDL 800 IR laser. 

As for the polarizer, it is p.referrcd to use a broad band palorization beam spliter 

cube (Model No. OSFC 1 6PB5) having extinction ratio of 1000: 1 and being applicable to 

27 



a wavelength In a range of from 620nm to lOOQiiin of NEWPORT, 

In addition, a multimeter produced by HEWLETT PACKARD company 

(Model No, 34401 A) is preferably used 

Therefore, a data storage media coated with a polymer according to the present 
5 inventioti, and an optical device (refer to Fig. 1) have advantageous for the foIlowj.ng 

reasons: 

Firstly, in prior arts, thermal, record storage method and hologram data storage 
rtxethod requires equal pre-orientation of liquid crystal during the process of data record, 
for which a specific elcctro-optjc^i cell device is fbrther needed. However, in the 
10 present invention, since it does not require such equipment, it can prevent energy loss 
due to high voltage used for pre-orien,tation. In addition, because there is no such 
thing like decomposition of organic dyes, e.g., azobetizene, in the present invention, it 
can secure data stability more effectivejy. 

Secondly, the present invention has a very high signal/noise (S/N) ratio, that is, 
15 it has excellent da,ta resolution from the viewpoint that contrast ratio between the data 
part which is exposed to blue polarized h'ght and the part which is not is considerably 
high. 

Lastly, the present invention does not show a falloff in contrast ratio, which is 

typically observed in the conventional thermal recording method due to diifiised heat 

20 during the process of data record (Macromolecules, 24, 42 (1990)), so that it can 

maintain good resolution. 

The foregoing discu,ssion of the invention has been presented for purposes of 

illustration and description. The foregoing is not intended to limit the invention to the 

form or fonns disclosed herein. Although the description of the invention has included 

25 description of one or more embodiments and certain variations and modifications, other 
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